A B S T R A C T 154 of 255 individual human renal biopsies studied by immunofluorescence contained varying combinations of immunoglobulins (Ig), complement (C) components Clq, C3, C4, C5, C6, C8, C3 proactivator (C3PA), and/or properdin. 10 patients had linear deposits of Ig in glomeruli characteristic of antiglomerular basement membrane (GBM) antibodies; nine patients had C3 deposits (minimal in three) with generally lesser amounts of Clq, C4, C5, C6, and/or C8. 118 of the patients had granular deposits of Ig, suggesting immune complex glomerulonephritis; 114 of these had deposits of C3, usually accompanied by Clq, C4, C5, and/ or C6. These observations indicate that the entire C sequence is deposited in glomeruli in most Ig-mediated glomerulonephritides. However, certain cases of anti-GBM glomerulonephritis with few or no C deposits may utilize pathways of injury independent of C.
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21 patients had granular C3 deposits without detectable Ig. C5, C6, and C8 were present in the majority of these patients while Clq was absent and scant C4 was observed in only two patients. The presence of only late-acting C components in the absence of Ig, Clq, and C4 suggests selective, possibly nonimmune activation of the alternate C pathway. Finally, five patients had granular deposits of C3, C5, C6, and/or C8 diffusely in all or most glomeruli with a lesser number of glomeruli having additional focal granular deposits of Ig, Clq, and C4. This observation suggests that at least two patterns of C activation can occur simultaneously, possibly trig-INTRODUCTION The concept that complement (C) participates in glomerulonephritis initiated by either nonglomerular antigen-antibody complexes or anti-glomerular basement membrane (GBM)' antibodies is supported by the association of decreased serum C levels and more directly by the demonstration of C3 deposits in the diseased glomeruli of experimental animals and humans (1) . Most immune complexes can activate C1, which in turn can cleave C4 and C2 leading to the formation of the C3 convertase, C42. This enzyme can then initiate the sequential activation of the later components, C3 to C9, which are responsible for the biological properties related to inflammation, including the attraction of polymorphonuclear leukocytes. The C sequence starting at C3 can also be activated via an alternate pathway (2) . This pathway, which may be activated selectively by immunologic as well as nonimmunologic stimuli (3), is closely related to the properdin system (4). It is believed that these stimuli activate properdin, which can then interact with C3 to acquire the capacity of activate C3PAse (5). C3PAse can then activate C3PA, which in turn can cleave C3 and activate C3 to C9. The C3b fragment generated in this process is by itself capable of activating C3PAse, thereby generating a positive feedback mechanism (6) . As a consequence of this property of C3b, the feedback mechanism can be brought into play independently of properdin when C3b is produced by activation of the classical C142 pathway. The deposition of C components in glomeruli was therefore studied to 
METHODS
Patient material. Snap-frozen renal biopsies from 255 patients (over 90% from adults) were submitted for immunopathological characterization from several transplantation and nephrology centers. Clinical information was obtained when possible from hospital summaries and a questionnaire completed by the patient's referring physician.
Antisera. The mechanism of immunopathologic injury was investigated by using antisera monospecific for immunoglobulin (Ig) G, A, and M. Clq, C4, C5, C6, C8, and C3PA were prepared by previously described methods (2) . Antisera to Clq, C3, C4, C5, and C8 were obtained by repeated immunization of goats with 2-20 ,ug of the purified component in incomplete Freund's adjuvant. Antisera to C6 and C3,PA were produced in rabbits immunized with 50 ug of purified C6 or C3PA. Before use, most of these antisera were absorbed with Cohn fraction II, FIII, FV, IgM, or IgA. When tested by immunodiffusion against normal human serum (neat or diluted), they gave only one line, which fused completely with the line obtained by reacting the antiserum with the immunizing protein. The anti-C3 used was also capable of detecting the C3 breakdown products C3b, C3c, and C3d. Fluoresceinated IgG fractions of each antisera were used to stain fixed cryostat sections of snap-frozen tissue for inmmunofluorescent microscopy (7) . The specificity of each antiserum was further ascertained at the level of sensitivity of immunofluorescence by blocking positive reactions by prior absorption with the relevant antigen. Other specificity controls included the lack of staining of "normal" renal biopsy tissue obtained from kidneys nephrectomized for neoplasia, as well as staining with fluoresceinated antialbumin and transferrin. Fluoresceinated antiproperdin was provided by Dr. N. G. Westberg (8) .
RESULTS
The patients were divided into four groups according to the presence or absence of Ig and/or C3 in their glomeruli.
Group I-no Ig and C3. Biopsies from 101 patients, presumably nonglomerulonephritic or with advanced renal damage, had no detectable glomerular Ig, Clq, C3, or C4.
Group II-linear deposits of Ig. 10 patients, including eight with Goodpasture's syndrome, had linear deposits of Ig indicating anti-GBM antibodies (Table I ). The presence of anti-GBM antibody was confirmed by elution of kidney tissue available in three patients and by detection in serum from six of eight patients studied. As previously described (7), the staining for C3 was considerably less intense than that for Ig in all patients except two, and in four did not exceed equivocal or trace amounts. The patterns of C3 deposition were often more irregular than that of IgG, tending to be interrupted and segmental ( Fig. 1) . Clq, C4, C5, C6, and C8 deposits were also more focal than Ig deposits and could not be detected in the patient without any definite C3 deposits. Scant irregular deposits of properdin were found in three of seven patients studied. Eight biopsies stained for C3PA were negative. All patients had proliferative glomerulonephritis, which in six was accompanied by marked crescent formation (Table II) .
The presence or absence of C components in these patients did not clearly relate to the severity of their clinical course. Eight patients had rapidly progressive renal failure, including those four with only minimal or equivocal C component deposition. In contrast, the two patients who did not progress to severe renal functional impairment had detectable amounts of C bound in their glomeruli.
Group III-granular deposits of Ig and C3. Granular deposits of IgG with or without accompanying IgA or IgM, suggesting the presence of immune complexes, (Fig. 2) DISCUSSION The presence of both early-(Clq, C4) and later-(C3, C5, C6, C8) acting C components in most cases of presumed immune complex and anti-GBM antibody-induced nephritis suggests activation of the entire C sequence via the classical pathway. This in turn could lead to feedback activation of the alternate C pathway by production of C3b. The immunofluorescent evidence of complement component deposition does not allow quantitation of the contribution of either pathway. Additional evidence of simultaneous classical and alternate pathway activation in Ig (presumed immune complex)-induced glomerular injury is that seen in systemic lupus erythmatosus in which glomerular deposits of C4 and properdin (9) as well as decreased serum levels of C4 and C3PA (10) (11, 12) . Glomerular injury in these instances may be mediated by C-independent pathways similar to those utilized by avian and some mammalian anti-GBM antibodies (13, 14) . The initiating role of nonimmune C activation in CHGN must be accepted with further caution in view of the finding that granular deposits of Ig, Clq, and C4 are present at some time in over two-thirds of such patients (15) . Not all these CHGN patients had Ig deposits when first examined, and some patients have been observed to lose detectable Ig when studied serially (15, 20) . This finding plus our observation that roughly 10% of glomerulonephritic kidneys, usually those with advanced damage, contain C3 and more terminal C components in the absence of Ig suggest the possibility that the C3-associated phlogogenic response is perpetuated by alternate C pathway activation and is independent of continued Ig deposition.
We have observed that in some patients C component deposition suggesting alternate C pathway activation may occur in some glomeruli while adjacent glomeruli may contain Ig-associated classical pathway constituents. This may represent a transition between these two modes of complement activation. Several possibilities can be proposed to explain the change in the pathway of C activation: a) some of the immune-complex antigens may possess the capacity for direct activation of the alternate pathway; b) a large antigen excess may produce small complexes capable of activating the alternate pathway (21); c) bound C3b may activate the alternate pathway by the feedback mechanism (6) ; or d) the ability of pronase-altered GBM to activate the alternate pathway suggests that a parallel role may apply to GBM altered by previous immunological injury. 4 There is currently little evidence leading us to favor one of these possibilities over another.
